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Dear Leon, 

A group of us at Michigan are working to develop high-rate fast gas calorimetry and 
electronics suitable for a high luminosity SSC experiment; a module should be ready to 
test in about 10 months. We request the use of a FERMILAB testbeam to prove the 
concepts and implementation. 

A copy of our request for Generic SSC Detector R&D Funds is attached. We have 
developed fast PWC cells for an electromagnetic calorimeter. We intend to use existing 
electronics to evaluate its performance. We expect to have an ambitious high tech elec­
tronics system ready for test somewhat later, and given success would be looking for a 
high-rate (10**8-10**9) beam to challenge the system. 

We are seeking a test beam with 50-200 GeV protons or pions, some component of 
electrons, and some means to tag them such as a Cerenkov counter. We would request 
support of a PDP 11 MULTI based data logging system with BISON BOX, CAMAC crate, 
and magnetic tape or data link to the VAX cluster. We need PREP support mostly at 
the level needed to instrument and run the beam line, but including a powered NIM bin, 
2 scaler modules, a CAMAC ADC module, 8 discriminators, 6 logic functions, and a gate 
module; the older LeCroy technology would be fine. 

We would like to work on the test beam 2 to 6 shifts a week spread over at least a 
six month period; a control time estimate would be about 200 hours. Our calorimeter 
module will be on a table such that it can be moved or lowered out of the beam quickly 
and expeditiously. We would like our part of the CAMAC crate (8 slots) and our NIM 
bins to be exclusively for us. 

Questions can be addressed to R. Thun (313-936-0792) or R. Gustafson (313-936-0812) 
at the University of Michigan; or by Decnet MICH::THUN or MICH::GUSTAFSON. We 
are available to help set up/implement the beam line. 

Regards, 

Dick Gustafson 
Rudi Thun 
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Abstract 

We propose to construct, instrument and test a fine-grained electromagnetic calorime­

ter based on small-diameter proportional tubes with maximum drift times of about 20 

nsec. Construction of the calorimeter and configuration with existing electronics will be 

completed within one year. Development of specialized, fast, radiation-hard electronics 

will require somewhat more time. We request $140,400 for this project of which $101,250 

is to be allocated for the required electronics R&D. We propose to test the calorimeter in 

a Fermilab test beam. 



I. Introduction 

One of the great challenges posed by the Superconducting Super Collider (SSC) is 

the enormous event rate (l08 Hz). Such a rate produces event pile-up with most of the 

commonly used detector techniques. For example, typical gas-based drift chambers as 

well as liquid-based calorimeters involve signal collection times of order several hundred 

nanoseconds or more. The corresponding electronic gates used in the trigger and data 

collection will necessarily involve the overlap of tens of events when using such detectors. 

The problem of extracting the hidden physics jewels in the general debris of hadronic 

collisions is well known. One would, therefore, like to eliminate any additional problems 

from event pile-up. It is sometimes remarked that such pile-up only involves the overlay 

of minimum-bias events with a transverse energy so low as not to corrupt the interesting 

physics. However, the rate of random coincidences scales directly with the duration of 

the trigger gates. For example, two randomly coincident jet-jet events will enter the 4-jet 

sample and it is not obvious how easily such background events are rejected in the off-line 

analysis. 

It is clear that ideally one would like to reduce the jitter in signal-collection times to 

the order of l/EVENT RATE", 10 ns. Shorter times yield little additional advantage 

since finite detector sizes introduce a jitter of that order just from variations in signal 

traversal times. 

We propose to develop proportional-wire detectors with short (;:;; 20 ns) signal collection 

times. Specifically, for our first detector we plan to construct a prototype of a fine-sampling 

electromagnetic calorimeter which could be used for the simultaneous measurements of 

energy and particle direction. Such a detector might find application in the interior of 

a large muon-oriented spectrometer. Although we necessarily pick a specific prototype 

detector, what we will learn will have broad "generic" applicability to any tracking or 

calorimetric device based on fast proportional tubes. 

II. Summary of Research Already Completed at Michigan 

Through a "redirection of effort" (made possible in part by the slow turn-on of SLC) 

we have started a program of research at Michigan to find parameters suitable for SSC 

proportional chambers. This program has focussed so far on two topics: a search for 

gasses with high drift velocities and a study of the effects of neutrons on the operation 
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of proportional chambers. The initial part of this work is documented in the attached 

preprint which' has been accepted for publication in Nucl. Inst. and Methods. The main 

result of this paper is that maximum drift times as low as 16 ns are achievable with 4 mm 

wide proportional tubes operating with mixtures of HRS gas (89% Ar - 10% CO2 - 1% 

CH4) and CF4. We have extended this work to a wide variety of other gas mixtures as 

shown in Figures 1 thru 4. Particularly promising are Ar - CO2 mixtures which show drift 

velocities approaching those of the HRS - CF4 mixtures. 

We have also made a study of the effect of neutrons on proportional tube performance 

as a function of chamber gas. Our interest here is to understand the so-called "Texas 

Tower" effect observed in the Fermilab CDF experiment where occasionally very large 

pulses are observed inside a wire-chamber calorimeter. It is thought that the effect is 

primarily due to elastic scattering of'" 1 MeV cascade neutrons with hydrogen protons in 

the chamber gas and structure. The slow recoil protons are heavily ionizing and can leave a 

signal equivalent to several hundred minimum-ionizing particles. To test this hypothesis we 

exposed a chamber to a 925 mCi Am-Be source which yields approximately 2 x 106 neutrons 

per second with an energy spectrum from 1 to 5 MeV. The neutrons were moderated 

somewhat by several cm of paraffin. Gamma rays from the Q + Be -+- C· + n reaction 

were absorbed with 1.3 cm of lead placed between the chamber and source. Preliminary 

data, displayed in Figures 5 & 6, show a definite increase in the rate of large chamber 

pulses when increasing the hydrogen content of the gas. Fortunately both C02 and CF4 

are quenching gasses with large drift velocities and no free protons. 

The members of our group involved in the construction of the L3 hadron calorimeter 

have also studied the effect of neutrons, and were among the first to demonstrate that 

neutrons, and specifically the large recoil proton pulses, were a major part of the uranium 

calorimeter "compensation." By using gasses with varying amounts of hydrogen in a test 

beam at CERN it was possible to vary the 7r Ie ratio from about 0.8 to well above 1 for a 

test uranium - PWC calorimeter. 

III. Prototype Detector 

The original motivation for the work discussed in Section II came from a consideration 

of how to instrument the absorber of a muon spectrometer (see Figure 7) to allow the 

measurement of isolated electrons and of hadronic energy flow. The requirement of fast, 
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radiation-hard detectors led to the idea of using small proportional tubes with fast gasses 

and operated at low gain (103-104 ). A geometry for implementing a calorimeter based on 

such tubes is sketched in Figure 8. The calorimeter is built up with planes containing 

alternating tubes and radiators placed transversely to the beams in a coaxial cylindri­

cal stacie The planes are oriented in varying directions to create a fairly homogeneous 

calorimeter with a response that is essentially independent of the longitudinal position of 

the proton-proton collision point and independent of particle angle. Each plane yields a 

spatial coordinate of the shower so that the calorimeter can be used for both the track 

and energy measurements of showering particles. By running at a suitably low gain the 

calorimeter can be made insensitive to minimum-ionizing tracks and low-energy photons 

while being obviously sensitive to showering particles with "interesting" energies (E ~ 100 

GeV). 

We propose to build a prototype calorimeter suitable for test beam use. As shown in 

Figures 9 and 10 the prototype consists of a stack of square planes oriented in a repeating 

series of 0° - 45° - 90° - 135° sets. Each plane consists of alternating tubes and radiators 

with a width of about 4 mm. We have not yet decided between lead and tungsten as the 

radiator material. For lead a radiation length is 0.56 cm and the Moliere radius is 1.6 cm 

while for tungsten the values are 0.35 cm and 0.92 cm respectively. Tungsten yields more 

compact showers but is therefore also more sensitive to the granularity of the calorimeter. 

The prototype calorimeter will be made about 30 radiation lengths deep and will contain 

of order 600 proportional tubes. 

IV. Existing Electronics 

We have available to us at Michigan several systems of charge digitizing electronics for 

chambers. These are available immediately; we have the operational experience to believe 

they can be set up expeditiously and used with no surprises. 

The first system, designed and built by Ball, Gustafson, Longo, and Roberts, is com­

posed of 8-channel cards, a controller-processor powering, reading and digitizing up to 255 

channels, and a CAMAC interface reading up to 256 controllers. The card channel density 

is one per inch on a 3" x 8" card. Digitization is 12 bit (4096 with a sensitivity of about 2 

femtocoulombs per count; pedestals are at about channel 100). There is a high impedance 

version with noise sigma of about 1 channel (2 femtocoulombs). A low impedance (25 ohm) 
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version for possible charge division has a noise of 3 channels (12 femtocoulombs). A test 

charge injection calibration scheme is included. A gate is applied to the controller about 

0.7 microseconds after the event passage; the effective gate width is about 2 microseconds. 

Digitization requires 25 microseconds per channel with controller operating in parallel. A 

sparse scan system is included. Readout of the controllers proceeds at CAMAC speeds. 

8500 channels of the high impedance system were used in FNAL E613 at a cost of 

about $7/channel. A current inventory of available units shows at least 1000 channels 

with 7 controllers, and a CAMAC interface. 

The low impedance system, designed and built by R. Gustafson, is also available. 

This consists of 12" boards, 3/8" per channel, 32 channels per board, with 25 ohm input 

impedance and, a gate time of 120 nanoseconds. Forty-two working boards exist. There are 

onboard delay lines which delay and clip the integrated charges; the gate signal is applied 

450 nanoseconds after the input charge. The charge sensitivity is 4 femtocoulombs per 

channel with a noise sigma of 3 channels. The readout, control, and calibration systems 

are the same as for the slower system and the components can be mixed. This system ran 

in FNAL E711. 

These systems require a conventional CAMAC crate based data acquisition system. 

A PDP 11 based MULTI system with BISON box and magnetic tape logging would be 

adequate. 

A third system consists of 1000 channels of conventional LeCroy FASTBUS ADCs 

which are presently available. Characteristics are 50 femtocoulomb/count, 50 ns minimum 

gate, 15 bits, 96 channel per board, 300 microsecond conversion time, and a readout rate 

of 7 megaword/sec. A computer based data acquisition system with a fastbus interface 

would be required. Alternately the system could be read out through CAMAC. 

V. 	New, Fast Electronics 

The existing electronics, though acceptable for detector studies, are not usable in a 

high rate environment. For the SSC, one would like to implement fast electronics in 

high density, radiation hardened integrated circuits that can be manufactured at low item 

costs. We propose to pursue this goal with the help of the newly established University of 

Michigan integrated circuit laboratory associated with the Engineering School. We have 

acquired two CAD stations that are network linked to the Engineering School and execute 
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the same design and simulation software used there. We also have a staff engineer, Maher 

Siraj, who is fci.miliar with the software and procedures of the Engineering School. He will 

undertake the electronics development. 

The starting point for this development will be the fast pulse designs developed by 

Radeka1• These circuits provide clipped and shaped pulses of less than IOns. The fabri­

cation of these bipolar circuits using indium contacts to silicon wafer based interconnects 

looks promising for compactness and flexibility. The resistance of the complete package to 

neutrons and ionizing radiation will be evaluated with the help of the University of Michi­

gan Phoenix reactor where fluxes of neutrons from modest to very intense exposures are 

available. Bipolar circuits are noted to be subject to permanent damage from neutrons. 

A promising alternate approach is to use the fastest available MESFETs. These circuits 

are less sensitive to neutron damage and can be constructed with higher densities. They are 

known to suffer temporary disturbances in their insulating layers due to ionizing radiation 

but this sensitivity has been reduced in recent years. If circuits of sufficient speed can 

be designed and simulated using this technology, prototypes will be constructed and their 

performance and radiation resistance to ionizing radiation tested. 

Attention will be directed to providing for local fast signal processing in the design of 

the front-end electronics. This will hopefully provide entry for the development of hierar­

chical trigger processing in the future should the proposed detector and electronics scheme 

prove effective and sufficiently radiation resistant. Test readout of the fast electronics will 

utilize the FASTBUS ADCs mentioned above. 

VI. Test Beam 

We are requesting the use of a FERMILAB test beam for testing the calorimeter 

module. We hope to determine basic operating characteristics about one year from now, 

and then to move into a high rate test behind some running experiment. We append a 

copy of the test beam proposal letter to FNAL. We expect to adapt our existing electronics 

to test the calorimeter in a modest rate environment with a 50-200 GeV beam containing 

hadrons and electrons. The high rate tests will use the new electronics to cope with the 

pile up and rate problems, and the realities of high chamber currents. 
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VII. 	Radiation Test Facility 

A major type of radiation for the detectors environment is expected to be neutrons in 

the neighborhood of 1 MeV. For a detector situated at 2 meters from the interaction of 

the neutron fluence is expected to be of the order of 2 x 1012 /cm2/yr. 

The University of Michigan Phoenix Nulcear Reactor can provide a test facility for us 

to expose PWCs and/or electronics, powered or unpowered. Packages of 2" diameter and 

up to 20" long can be exposed to fluences of between 3 x 108 and 2 x 1012 neutrons (> 1 

MeV)/cm2 /sec. (The package should be somewhat shorter to keep the dosage reasonably 

uniform over the package.) The staff of the reactor have expressed their willingness to 

cooperate with us in this effort. 

VIII. Time Scales 

Our intention is to have the prototype calorimeter ready by the summer of 1989. 

Existing electronics will be collected and reconfigured for this prototype on the same time 

scale. Measurements in a test beam would be conducted during the second half of 1989, 

the exact time depending on the availability of a suitable test beam. 

The time scale for the development of new, fast electronics is more difficult to predict 

because of the more fundamental R&D effort required for design and fabrication. The 

goal would be to have such electronics ready by the end of 1989. 

IX. Budget 

The budget for this project is divided into four major areas: 

1.) Fabrication of prototype calorimeter 

a.) Materiel $ 4,000.00 

b.) Machining and assembly $ 8,000.00 

2.) Reconfiguration of existing electronics (including new cables and 

connectors) $ 9,000.00 

3.) Travel to test beam and operational funds (gas, plumbing, etc.) $ 6,000.00 

4.) Reactor access fee $ 2,000.00 

5.) R&D and fabrication of new, fast electronics 
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a.) Prototype mask and IC supplies $ 30,000.00 

b.) Electronics Shop charges $ 20,000.00 

c.) IC Laboratory fees $ 15,000.00 

d.) Computer design and simulation costs $ 10,000.00 

Total direct cost $104,000.00 

35% MTDC (indirect costs) $ 36,400.00 

TOTAL $140,400.00 

X. Manpower and Responsibilities 

The responsibilities for this project are divided as follows: 

1.) Design and fabrication of calorimeter - R. Thun 

2.) Reconfiguration of existing electronics - R. Gustafson, B. Roe, R. Ball 

3.) Test beam set-up - R. Gustafson 

4.) New electronics - J. Chapman 

5.) Test beam measurements - all 

XI. 	References 

1.) J. Fischer, et al., NIM A238 (1985) 249 

Figures 

1.) Drift-time distributions from the traversal of cosmic rays through 4 mm wide pro­

portional tubes. Distributions are for various Ar- CO2 mixtures. 

2.) Fe55 spectra for various Ar-C02 mixtures. 

3.) Drift-time distributions for various Ar-C02-CF4 mixture in the 4 mm proportional 

tubes. 

4.) Drift time distributions for pure quenching gasses in the 4 mm proportional tubes. 

5.) Pulse height spectra from a drift chamber exposed to an Am-Be source as a function 

of lead absorber between chamber and source. The lead absorbs gamma rays which 

yield counts at low pulse height. The lead has no effect on counts with large pulse 

height which are generated by neutron-proton elastic scattering. 
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6.) 	Pulse height spectra from a drift chamber exposed to an Am-Be source as a function 

of various gas mixtures. For each mixture, the voltage was chosen to give equal gain 

as determined with an Fe55 source. As the hydrogen content of the gas is increased, 

a significant increase of counts with large pulse height is observed. This presumably 

originates from neutron-proton elastic scattering. 

7.) Possible detector lay-out for a muon spectrometer. A major challenge is the instru­

mentation of the absorber to measure electron and hadronic jet energies. 

8.) A possible geometry for an electromagnetic calorimeter inside the absorber of the 

muon spectrometer. 

9.) Prototype electromagnetic calorimeter. Each layer consists of alternating propor­

tional tubes and radiator (either tungsten or lead). 

10.) Orientation of layers in the prototype calorimeter. The sequence is a repeating set 

of 0° - 45° - 90° - 135° orientations. 
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Tests of S11111 II Proportional Tubes with CF4 - HRS Gas Mixtures 

R, TIIIIN 

Unit,cr.• iig 0/ Michi94n. Ann Arbor, Michig4n .18109 

Abstract 

\\". ItaV<' jllv('sti~ak,11 It" ol't'l'IItiug rham.-t"li,tirs 111,,1 ,hift lillles of slII,,1I pWl'flrtiolU.1 

tlll.es lartive wi,lt\t 3.n nllll) containing mixtures of CF. 3n.llInS gas (8!J% AI'. W% 

CO" I''', CII.I. A~ tI", fradi"l1 of CF. is vari.,t! fHlIII Z('ro to 100%, lIlaXinllll1l ,hifl tim.'s 

.Ien"""" frnlll ahollt 32 lIS"" to 16 IiSl'r. The ol'emtillg voltage increnses ttlul th" ,'u"rgy 

r,·s .. l"tioll Wor,,'lIs signifiralltly with illcf{'asl'S ill till! CF. ('1)1II1'OII<'"t. 

(,,""mitt.·,1 to Nlld"ar IlIstrllllll'lIts ilmll\lctllOds) 

1. INTRODUCTION 

TI,e propuse,1 SupercolI<hlcting Super Cullidcr (SSe) IUl'.cut." v('ry dl"lI"u~illp; I'lIvi· 

1'OIIIIII'IIt to Ihe ,I('sigll('r~ of ('x\,l'rilll<'lIts. 1 At th" ('xl"·r.h'" Imuiunsity of \UU <:1,,-2 s,·,,-I 

the inelastic collision rate is ahollt 108 pcr second with each evelll g("II'rating Oil .werag,· 

about 100 sc(:olldary particles. Three hasic prohlellls IIl11st he a.Mress",1 when plalllling for 

SSC exp('rilllrllls: rates, rmliation damng.·, and the implt!IIl"lItlltioll of suit,.hl" triggers. 

Wc Iwliev(' it will be exce<'dingly important to r('dwe tit .. sprcnu in sigllal anh'nl I illl(,s 

within :m ewnt down to a level where evellt pile-III' is a lIIallllg,'"hlc prohlf'lII. Sinn' II... 

average lillie h.·tween ('vents is 10 IIS(,C, it is desiral.l(' that the I.illl" slIu'nrillp; of ,igll"ls 

approach tl,is vallie. 

Proportimml wire chamber (PWC) technology hus hcell an csscntial COIIlPUIICllt of 

lIIallY liigh cllergy physics experilllellts, Indeed, nearly nil tracking of d",rgpd parlides hll' 

been done with this versatile detection method. PWCs havc also fOllnd mnjor applicatioll 

in both electrollmgnctie and hadronic calorimetry, Such calorimetry willl'lllY a central rol" 

in most SSC experiments. Wire chambers have II IIl11nher of properties which make thcllI 

attractive for SSC detectors. Their application to npparahlR with Inl'ge arenS 01' "olll"lt's 

is compafltth'c1y inexpensive allll their construction is"gpncrally slfnight·forw..... \. U"lil;., 

sdlltillllting or semiconducting materials, wire chaUlbers arp. ratl ... f ;mllllllle til rndiatioll 

dalllage when lIot powered. This is a polential alt.·antage dllring sse marhil\{' ,h~\·,'I.. p­

lIIent and h"am manipulations. However, to be suitahle as sse d<'lectors, wir(' chaml ... l's 

mllst satisfy rertain radiation or "aging" f('quiremellts2 Ilnd they nIlIst ,,\low fll,t Figlllli 

collection times M indicated above. These requirements Icaduat llrully to the colIs"I"raf jon 

of chamher~ with small cell diameters and the use of gases with high drift ,·dociti<,s. 

In our j.ulg('lIlent ease of construction is lin important factor for dcll:dor syst"... s that 

lIIay contain tens of thousands of proportional cells. This "ffective\y 1,la('('s n Iuw"r lilllil oil 

the cell diamrter of ahout 3 to 4 111111, This follows fmlll the ohservation that larK" dWIIII", .. 

systems are hest operated at atmospheric pressure where the typkal 1II1I1II,er of iOllizatio" 

electrons ,)1'1' nun of track length is abollt ten. Morco\'cr, the medlallic,,1 ,.rohl'·lIls of 

handling cells lIIuch smaller than 3 mm are formidable. I\tcdmniclll cOllsiderntiolls niSI' 

len" one to 1\ d.olec of sense wire dial1lel ('rs that arc 1101 tflO 51111111. Ol'cfiltill~ vo\lIlW'~ 

illcrease ollly slo""ly with dialllelt,r wher('n" the medtnn;"al strellgth vIlr;,'s liS th.. s.I'''' ...· .. f 

that .lim"lIsioll. W" \tllve fOlllltl fmlll ...x, ..... i.·llre thlll 5('nse wirf's with a ,Iilln ... t .... of 38 1'111 

2 
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givt' n !';und COlllpfOllli." h .. ho""clI op"raliug ~hnrBckrislirs ~rl<l hnll,lIillg "as". With t h('l;e 

f,.dors ill lIIi'lIl, WI> Imvl' d,o~wlI to ksl !'WCs with "II interior ...,11 widt h of J.J j 111'11 nll'l 

wit h ...'·lIse win- cli""wt.'r of 38 /ml. 

Th., choice of proportional cOllnl"r gM illvolves 1\ 1II11"I",r of cOllsid("rnliolls. Till' g..s 

IIlllst give a sllfficient nlllllh"r of ionization ..leclron9, qllend. avalallche "h"tolls 10 illsnl'e 

o(uhl" "1",rn.li0l1 .. t r('asonahic guill, exhihit good "ngill';" 1>£"I,,'rtir.9 "",I yi.-1tI high .Irift 

v"locilies for operalion at SSC. Regl\rclillg tltis Instpoiut, research by othel'sl-8 has ~hO\vlI 

Ihnt ,h ift v,·lm:iti.,s nbuve 10 CIII//IS("C CIIII he obtllill~,,1 with gas mixtufC's ",,"I aillilll: ,'arl"l11 

l<'Irall"o"id., (CF4), This is ulmllt a f ... ,tor of two higl.er Ihan th.· drift v.·locily ill ""lIImOIl 

1I1ixtmc's of '1l'g.m ,,,,,I CO2 or hyclroc:,rholl~. 

1'1"'1" i~ Oil'- n.I,litio .. ,,1 ("ollsi,ll'ration regarding Ihe choice of prol)t'rtional ('0111.1,'1' fit""'" 
for sse .1"t.·ctorM 11,,,1 "sJ"'cilllly SSC cnl"rirll~tl'rs. IIlulrollk showers ill Slid, calorill...I"r~ 

will I.'ael 10 a IIIrge /lux of low-..!tergy (~ 1 MeV) IIclltre>llS whirh caJi iul"rllcl within 

111,,1 ulIlsid.· the ",tlolilll<'lcr. Eln.,tic scatler-ing or the~e nelltl'tms with Ihe !,mtnus of nlly 

l,y,lwg"lI COllll)()I!f'nt of tlte P\VC gas ~all rr.sull ill signlli. "'llIiv"l"nl lo those from severnl 

IUlIulr('eI lIIillilUlllII-iollizillg partides. Such larg" I<iguuls rau nUlsc cross· talk l)r .. IoI('l1Is ill 

trackiug dUllllbt'fs 01 giVe! erroneous energy measllrements in calorimeters. For tltis r("n..~on 

it lIIilY ~ important to millimize or I\v"itl tile lise of hyelrng('n ill the gas or cOllslruction . 

lIIal..rinls of SSC wire dtnmbl'rs. 

A gas mixlure which minimizes the hydrocarhon coutent aud which Itas ~ltowu good 

op"ralillg dtarac-Ieristics is "IIRS gas" consisting by volnme of 89% argon, lU% caroou 

elioxhl .. , nlld 1% metlmne.9 The small amQuut of II1etit8.l'W Itdps to ahsorb aVlllall.-h" 1'1.0' 

tOilS lit w:wdcngths nWUlHI1200 Rngstrom where "Arhon dioxi,le is r("latiVt'ly trllllRI,arenl. 

D""I1I1~e ..(ils mil1illlallly,lwgl'll c"ntent, HaS ga., sholll.1 be rather ilmnune to low-I'n('rgy 

Il<'lILWhs while "Iso I"'ing safe- t" hnn.lI" in tenus of fire hltll."r,1. 

III Ihis noll' w(' rl'port resulls from tl'SIs of small proportional wire tuh.·s "p"raling 

will. ,"ixlurl's ',f CF. RIl.lllnS g1\9. 10 The CF4 is a nOIl-flnllllunhle, 1I0u·toxi.· gILq which 

iu"re'as.'!; til<' ,Irifl wlo..iti,'s 1I.lIlIke"lIy. The motivatiou for these tcsts in tI.l' .. slnhlislull('lIt 

of ""',,mel"rs fol' the ,I.",igll of possil>l,· SSC protolype wire chlllllh('r.~. 

2. EXPERIMENTAL SET·UP 

The l .. sI wir<' c!uunh"r cOllsisl~ of dghl i,I"nli("al S'I'""" In'W;s I"I"..s lInllllg.',1 ill n 1'111'''' 

118 shown in fig. L The length of lhese tuhes is 74.6 111m, the outer width iR 3.97 111111. a'I<1 

their wall thickness is 0.40 mill. The maximum drift distance ror ionizatioll d ..rtrnllR frolll 

perpelldiclliariy incident lracks is lherefore 1.59 mm. Each tube coulaill~ a 3811111 dimn"l"r 

gold·plnle.1 t"llg~tr.n wire which is Itdel nnd relllf'reel hy n slIlall lorn",' tnl", ill""rt("(1 illin a 

G·I0 fiherglass plug at each end of the chamber tube. Small holes "rc: drilled' i'nto thr. body 

of each of the d"ht proportional tuhes for gas inlet "",I o"tl.. t I\nd for Allowing ,·xpo, .. r'· 

10 lUI 5SFe_ X-ray source. 

At one ell.1 of ..a.-h tube posilive high voltage is trallsmitted 10 th(" seilSI' win' 'hrough 

a 1 ~I!l fI'sislor. (The brass body of the r1uunber is helel at ground pntr.ntial). At the 

other end sigllllis are taken o .. t vill " 100 pF .I,·('ollpling rlll'nritol'. For the pmpo""s of 

this lest all eight tub.,s were ganged together at both the sigllal and high voltag ......,I" so 

thRt the clmlllh("r was operated as 1\ single.chanllel devi.-e. 

For measurements of rntes and drifl times, the signnls from the charllh',r wr.re sellt 10 

II. leCroy LD604 amplifier-discriminator chip with an input termillation of 100 n alld n 

threshold of ulmllt 0.4 m V. When measuring I'lllse height spectra with the 55 Fe SOIl\'{'(', 

the chamber signal was routed directly to a Quantum 8 pulse height analyzer: I Drift tillle 

measurements were made with cosmic rays for which the start times were detcrmin..u with a 

scintillator placed directly below tlte chamber !IS shown ill fig. 1. The time intervru betweeu 

the scintillator and chamber sigllals was cot\vertcd to a pulse height using a Cllul ... rm 

Model 2043 lime analyzer. The output from this time nnalyzer WIIS then disl,lnycd wit h 

the QuantulII 8 pllise heigllt analyzer. 

Hns gas nl1<l CF4 were mixed from scparate bollies using flow lllct ..I·S. Care WIIS t:.ken 

to insure thnl lhe lotal flow of tile mixed gllS was the same ror all mixtures 10 nvoi.lp",sil.le 

systemalic rate-dependent effects when comparing r .. sulls from dilferf'lIt mixlur('s. Thi, 

total flow rate WM 0.5 cuft/hollr. 

3. RESUI,TS 

TII~ proportional wire .-I1I1I1I1>..r was t .. ,t("d with fonr gas Illixturr~ ronsisliug of I no% 
HaS, 20% CF4' 80% IInS, 50% CF4 - 50% HnS, awl 10n% CF~ \\,!wr,' thr I"'rr"ut :11;<'. 

are hy vohnne. The first stel' in testing the chamher WI\,. tl,e d.·tt'rlllinnlion ..f "Iff'rating 
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,:ultllg(>' fuc """h of th,'''' ",ixtlll'(·~. Fignct! 2 .hmvs th(· C'"ill"i(lclIC:(' ralt· fWIIl ....slIn.. 

rays of th" seiutilh.tor and c!.ulIlher .igllal. as II fllilctioll of c1l1unher ",,\llIge. FigHre 3 

shows the .ingles rate from just the chamber versus the a('I.lied voltage. In this figure 

a sudden rise of the singles rate is observed at 1500 V for 100% fiRS, 1875 V for 20% 

CF. - 80% HRS. 2250 V for 50% CF•. 50% HRS, and 2725 V for 100% CF•. At these 

voltages Ihe chamher signals become very large and regenerative causing multi,.le firinp; 

o( the 1.\IIIJllifier·di~criminalor chip. These voltages are close to tbe point of spontanrou5 

dllllld.cr hreakdowlI. COIIII.arison o( figures 2 and 3 indicates lhnt the witlth of the voltage 

plalellu for good l'iliciellcy varies from about 75 V with 100% IIRS 10 abollt 200 V for 

100% CF~. 

Th" !'I'I"tiv<' gllill of Ihe chaluher ww/ IIWIlSIl ... ·c1 hy UhSf'l'ving th" penk frulll til<" :;.89 

K,N X ray lin.~ of all $5Fe SOllrcf'. This is displuyed ill fig. 4 as a fllucti .. n of dlllln"..r 

v..ltngt!, The peak fmlll this source is dellrly resolved in "II gltS mixtnr<'s f'xr<,pt for 100% 

CF4 fnr which the sSFe gives just a very broad, smeared-ullt (listrihlltion, The 55Fc s,,,,ctra 

for tl,e other three gas mixtures are shown in fig. 5 at voltages giving similar gain. The 

resolutiou dearly WOfSCliS with illCfcn.ing fractiolls of CFh all e!feet alrcady estuhlisllf'd ill 

f(·f. 4. 

Til... ,Irifl tilll" distrihutious frolll cosmic rays, which iIlulUinate the dlalllher ar .. " Ulli· 

forlllly, nre shown ill fig. 6. The o,.erating voltages indi~alcd ill the figure corres,oond tn 

npprnxiullltcly eqll...J c1ullnher gllill for the different gas mixtures. We al.o reconled ,Irift 

tillle di~~rihutious at .ou",wbut lower alld higher voltages Dud found the widths .. f lh<'~" 

,lislrillllti()lls essmtially illll"I)('lId('lIt "f voltllg ... Th(' width nf the drift tiuJ(' nlllg(~ whkh 

CIICUmp"sS/!S 00% of the ,.)lIlInl... r sigullis ill ea('h clistrihuti.m is given to the lu'orest IISf!C 

hy: 

1011% HilS: 3211sl,.": 

20% CF. - 80% IIns: 22 nsec 

50% CF. 50% IIns: 1911scc 

100% CF.: lG lise.. 

Th" fn ..tor of two <I....·H·iL"'.. ill drift lillles with iU(T.."sing CFI fril~tioll is "01l5i<;l<'ut wilh 

the "hsel'\'ntioll~ ill rc,f"wlI""s 3"8, 

\V" 11,,1 .. tll"l fnl' IIl1ifol'm iIIulIlilliltiou of the duullhcr liS iu fig. G, II... Iwi,,1tI IIf Iii.' 
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drift tillle t1islrilllllioll at a pnrticlIlar vlIllle of the <lrift lilll(' i. propmtiollal tu tl ... ,hifl 

velocity at the corn·spuuding !,,,,,ition ill tlie ('en. As thc frndinll of CF~ is iw·",,,,,·<I. (U", 

observes a d<'lIr IIsymmetry ill the dl'ift tillle di.tribution for shOlt anti IOllg drift lill1<'s, 

The variation ill the corresponding drift velocities is rnughly a factor of two when th .. gas 

is 100% CF•. When operating the chnmber at 2600 V anf! atmosplledc pressure the rati" 

of electric field to pressure. E/P, varies from about 4.9 V cm- I torr-I at the lube Willi to 

400 V ~1II-1 tOIT- 1 at the sense wire surface. 

4. CONCLUSION 

Motivated hy a desire to find proportiollal challl" ...r parameters sililabl" foc lise at the 

sse, we have lested 3.17 mm wide proporatiollal tubes with severaJ mixtures of CF~ alld 

HRS gas (80% nrgoll, 10% CO2 , 1% CII.). As the rl'lI~tion uf CF4 is vlIricd fWIIl Z"W to 

100%, the nlUxilllum drift times decrease fmlll ahout 32 to I G IISCC COrl"'spoudillg to A\'f'r"K" 

drift velocities of 5,0 to 10 cm/iuiCc, respectively. IIns glls WIIS ehoof'u for admixture ,ill~(' 

its low hydrogen coutent insures fire safety and promiSt"S relalive imlllunity 10 IlIl'gr pulse.,; 

from interactions with low-energy neutrolls. The o,.ernl,ing voltag.· illC£"IISf'S all.1 til<' f'lu'IKY 

resolution worsens with increases in the CF. fraction, Good cfficicllcy wa. obtai",'<1 wit to 

all gas mixtures. The voltage platenu illcreases lIS the CF. COIllP()II(~llt iu('[cllses. A filial 

judgment of the suitability for SSC use of PWCs as testcc! ber.-: re(juires further 'yslf'lIIatjr 

studi...s of rate capahilities and of chamber degradation with radiation exposure. 
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The UNIVERSITY of MICHIGAN 
500 East University 

High Energy Physics 
Ann Arbor, Michigan 48109-1120 

Telex: 4320815 UOFM UI 

Phone Number: (313) 764-4443 

The Harrison M. Randall 
Laboratory of Physics 

Leon Lederman 
. 30 August 1988 

Director 
FERMI NATIONAL ACCELERATOR LABORATORY 
Batavia, IL 60510 

Dear Leon, 

A group of us at Michigan are working to develop high-rate fast gas calorimetry and 
electronics suitable for a high luminosity SSC experiment; a module should be ready to 
test in about 10 months. We request the use of a FERMILAB testbeam to prove the 
concepts and implementation. 

A copy of our request for Generic SSC Detector R&D Funds is attached. We have 
developed fast PWC cells for an electromagnetic calorimeter. We intend to use existing 
electronics to evaluate its performance. We expect to have an ambitious high tech elec­
tronics system ready for test somewhat later, and given success would be looking for a 
high-rate (10"8-10**9) beam to challenge the system. 

We are seeking a test beam with 50-200 GeV protons or pions, some component of 
electrons, and some means to tag them such as a Cerenkov counter. We would request 
support of a PDP 11 MULTI based data logging system with BISON BOX, CAMAC crate, 
and magnetic tape or data link to the VAX cluster. We need PREP support mostly at 
the level needed to instrument and run the beam line, but including a powered NIM bin, 
2 scaler modules, a CAMAC ADC module, 8 discriminators, 6 logic functions, and a gate 
module; the older LeCroy technology would be fine. 

We would like to work on the test beam 2 to 6 shifts a week spread over at least a 
six month period; a control time estimate would be about 200 hours. Our calorimeter 
module will be on a table such that it can be moved or lowered out of the beam quickly 
and expeditiously. We would like our part of the CAMAC crate (8 slots) and our NIM 
bins to be exclusively for us. 

Questions can be addressed to R. Thun (313-936-0792) or R. Gustafson (313-936-0812) 
at the University of Michigan; or by Decnet MICH::THUN or MICH::GUSTAFSON. vVe 
are available to help set up/implement the beam line. 

Regards, -'~. (, 

1~£'r7C.--
Dick Gustafson 
Rudi Thun 


